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Conclusion and outlook 
 The mixing time and the kLa values for 500 mL and 5 L Thomson Optimum Growth™ shake flasks were ascertained, and batch cultivations with Chinese hamster ovary cells were carried out to evaluate the 
effectiveness of these parameters. 
 During the scale-up process with medium feeds higher living cell densities were reached compared to the batch cultivations, as expected [10]. 
 Experiments with shaking rates over 150 rpm (50 mm shaking diameter) should be carried out to determine whether higher cell densities can be achieved. 
 To improve the scale-up process, the specific power consumption should be considered to establish where an impact on cell growth occurs. 
 Further simulations with computational fluid dynamics and determination of specific power consumption are already in progress, increasing the range of applicability of the correlations proposed. 
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Introduction 
Nowadays, mammalian cell lines are the dominant biological system for the production of biopharmaceuticals [1]. Cell lines from different cell types, such as those derived from Chinese hamster ovaries (CHO), human 
embryo kidneys (HEK,) and baby hamster kidneys (BHK) gained approval for recombinant protein production [1]. In the 1860s Emil Erlenmeyer had already invented a cone-shaped container that was named after him later 
[2]. Today, the usage of shaking flasks is widespread due to their easy handling, and they are therefore the reactors preferred for use in upstream processing [3]. Erlenmeyer and Fernbach style shake flasks are still the 
predominant designs [4]. Recently, the Thomson Instrument Company introduced a new shake flask design for cell cultures (Optimum Growth™), claiming higher yield for the same shaker footprint [5]. As difficulties often 
arise when scaling up a cell culture process from bench top to the industrial scale, power consumption, mixing time, and oxygen transfer are important factors to consider [6-8]. This poster gives an overview of different 
procedural parameters for the 500 mL and 5 L Optimum Growth™ flasks for the cultivation of CHO cells, and for a possible scale-up approach.  
Methods and Results 
Characterization of mixing time and oxygen 
 mass transfer rate (kLa) 
• Mixing times and oxygen mass transfer rates were determined using the iodide-thiosulfate 
decolorization and the dynamic gassing out method respectively, according to the guideline of the 
DECHEMA expert group ‘Single-use technology’ [9]. 
• Both factors were determined in triplicate for 500 mL and 5 L flasks with filling volumes from  
20 to 60 % and shaking rates from 60 to 250 rpm on shakers with 25 and 50 mm diameters. 
• The highest kLa values (up to 60 h-1) and lowest mixing times (below 3 s) were achieved with high 
shaking rates and low filling volumes. 
 
Batch cultivation of CHO cells 
• Due to the results of the characterization, batch cultivations with Chinese hamster ovary cells were 
carried out to evaluate the effectiveness of the predetermined parameters. 
• Higher viable cell densities were reached using the 50 mm diameter (4.8∙106 cells mL-1) compared to 
the 25 mm shaking diameter (3.6∙106 cells mL-1). 
• In the 500 mL flask the filling volume had no influence on the maximal cell density in contrast to the 
5L flask. 
Scale-up process 
• After the batch cultivations had successfully been performed, a scale-up method was elaborated, 
whereby a fed-batch process was realized and the shaking rate varied (120 to150 rpm) to keep the 
kLa over 10 h-1 and the foaming low. 
• The cells were transferred from a static T-flask into the 500 mL Thomson flask and fed to the maximal 
filling volume. Afterwards, the cells were transferred to the 5 L flask and fed with new medium. The 
cultivation was continued with feeding until an end volume of 3 L was gained.  
• A higher viable cell density (up to 3.8∙106 cells mL-1) was reached compared to the batch cultivation 
with the same parameters (3 L filling volume, 150 rpm, 50 mm diameter) . Thereby a µmax of 0.055 h-1 
was achieved, which correlates with a td of less than 13 h. 
Fig. 2: The viable cell density and viability over time from the cultivation with a filling volume of 100 mL (A), and the viable cell 
density and viability over time from the cultivation with a filling volume of 250 mL (B). These experiments were performed 
with a 50 mm shaking diameter and a shaking rate of 150 mL in the 500 mL flask. 
Fig. 4: Scale-up method from the T-flask to the 500 mL and to the 5L flasks in a Infors Multitron shaker (A), and the viable cell 
density and viability over time from the scale-up cultivation (B).  
Fig. 1: Mixing time for the 500 mL flask (A), mixing time for the 5 L flask (B), the kLa for the 500 mL flask (C), and the 
kLa for the 5 L flask (D). From fast/high (dark blue) to slow/low (light blue). All experiments were performed in 
triplicate with a 50 mm shaking diameter.  
Fig. 3: Viable cell density for the 500 mL flask (A) and viable cell density for the 5 L flask (B).  
From fast/high (dark blue) to slow/low (light blue). These experiments were performed with a 50 mm shaking diameter. 
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Cultivation in 500 mL flasks 
• CHO XM 111-10 cells (M. Fussenegger, ETH Zürich) were cultivated in ChoMaster HP-1 medium (Cell 
Cultures Technologies) containing Pluronic® F68 and Tetracyclin in a batch process for 7 days. 
• The highest viable cell density (4.8∙106 cells mL-1) was reached with a shaking rate of 150 rpm (50 mm 
diameter). Thereby, a µmax of 0.038 h-1 was achieved, which correlates with a td of less than 19 h. 
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